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PREFACE

This report contains the results of an investigation by Professor Z. T.
Bieniawski of The Pennsylvania State University, University Park, PA. Funds
for this study were provided by the US Army Engineer Waterways Experiment
Station (WES) under Purchase Orders DACW39-78-M-3314 and DACW39-84-M-1462.

This study was performed in FY 78 under the direction of Dr. D. C.
Banks, Chief, Engineering Geology and Rock Mechanics Division (EGRMD),
Geotechnical Laboratory (GL), and Messrs. J. P. Sale and R. G. Ahlvin, Chief
and Assistant Chief, respectively, GL. The contract was monitored by
Mr. J. S. Huie, Chief, Rock Mechanics Applications Group (RMAG), EGRMD.

Mr. G. A. Nicholson, RMAG, assisted with the geological data collection and
interpretation for the case history study of the Park River Tunnel.

This report was updated in FY 84 with the main text revised, where
appropriate, and an appendix added relating to the recent developments in the
use of rock mass classifications for tunnel design (covering the period 1979 -
1984). This report, reprinted in FY 90, adds a Bibliography covering the
appropriate literature through 1986.

The Commander and Director of WES during the preparation of this report

was COL Larry B. Fulton, EN. Technical Director was Dr. Robert W. Whalin.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI (metric)
units as follows:

Multiply By To Obtain
feet 0.3048 metres
gallons per minute 3.785412 cubic decimetres per minute
inches 2.54 centimetres
kips (force) per square 47.88026 kilopascals
foot

miles (US statute) 1.609347 kilometres
pounds (force) 4.448222 newtons
pounds (force) per square 47.88026 pascals

foot
pounds (force) per square 6.894757 kilopascals

inch
pounds (mass) per cubic 16.01846 kilograms per cubic metre

foot
square feet 0.09290304 square metres

4




TUNNEL DESIGN BY ROCK MASS CLASSIFICATIONS

"The origin of the science of classification goes back to the
writings of the ancient Greeks; however, the process of

classification -- the recognition of similarities and the
grouping of objects based thereon -- dates to primitive man.”
Prof. Robert R. Socal -- Presidential

Address to the U. S. Classification
Society (Chicago, 1972).

PART I: INTRODUCTION

1. The design of tunnels in rock currently utilizes three main
approaches: analytical, observational, and empirical. 1In view of the very
complex nature of rock masses and the difficulties encountered with their
characterization, the analytical approach is the least used in the present
engineering practice. The reason for it does not lie in the analytical
techniques themselves, since some have been developed to a high degree of
sophistication, but in the inability to furnish the necessary input data as
the ground conditions are rarely adequately explored. Consequently, such
analytical techniques as the finite element method, the boundary element
method, closed form mathematical solutions, photoelasticity or analogue
simulation are mainly useful for assessing the influence of the various
parameters or processes and for comparing alternative design schemes; they are
the methods of the future not as yet acceptable as the practical engineering
means for the design of rock tunnels.

2. The observational approach, of which ‘the New Austrian Tunneling
method is the best example, is based on observations and monitoring of tunnel
behavior during construction and selecting or modifying the support as the
project proceeds. This represents essentially a "build as you go" philosophy
since the support is adjusted during construction to meet the changes in
ground conditions. This approach is nevertheless based on a sound premise
that a flexible tunnel lining, utilizing the inherent ability of the rock to
support itself, is preferable to a rigid one. In practice, a combination of
rockbolts and shotcrete is used to prevent excessive loosening in the rock
mass but allowing it to deform sufficiently to develop arching and self-

support characteristics. The problem with this approach is, however, that it




requires special contractual provisions: these may be suitable for the
European practice for which they were evolved cv2r many years of trial and
error, but are not easily adaptable to the established U.S. contracting
procedures.

3. The empirical approach relates the experience encountered at
previous projects to the conditions anticipated at a proposed site. If an
empirical design is backed by a systematic approach to ground classification,
it can effectively utilize the valuable practical experience gained at many
projects, which is so helpful to exercising one’s engineering judgment. This
is particularly important since, to quote a recent paper:’ "A good engineering
design is a balanced design in which all the factors which interact, even
those which cannot be quantified, are taken into account; the responsibility
of the design engineers is not to compute accurately but to judge soundly."

4. Rock mass classifications, which thus form the backbone of the
empirical design approach, are widely employed in rock tunneling and most of
the tunnels constructed at present in the United States make use of some
classification system. The most extensively used and the best known of these
is the Terzaghi classification which was introduced over 40 years ago.?

5. In fact, rock mass classifications have been successfully applied
throughout the world: in the United States,?® Canada,’™® Western
Europe,g"12 South Africa,!®'® Australia,!’ New Zealand,!® Japan,19 USSR, ?® and in

21-22

some East European countries. Some classification systems were applied

23-24 25

not only to tunneling but also to rock foundations, and

16

rock slopes,
even mining problems.
6. The purpose of this report is to evaluate tunnel design practices
with respect to rock mass classification systems and particularly those which
have been introduced in the recent years, have been tried out on a large
number of tunneling projects, and have offered a practical and acceptable

alternative to the classical Terzaghi classification of 1946.




7.

Tunneling Conference

PART II: CLASSIFICATION SYSTEMS IN ROCK ENGINEERING

A statement made in 1972 during the First Rapid Excavation and

5 is still appropriate for summarizing the present state

of tunneling technology:

"Predicting support requirements for tunnels has, for many
years, been based on observation, experience and personal
judgment of _.ose involved in tunnel construction. Barring
an unforeseen breakthrough in geophysical techniques for
making tunnel sites investigations, the prediction of
support requirements for future tunnels will require the
same approach."

Rock mass classification can, if fulfilling certain conditions, effectively

combine the findings from observation, experience, and engineering judgment

for providing a quantitative assessment of rock mass conditions.
8.

application:

9.

I

lo*

i

[<7

A rock mass classification has the following purposes in a tunneling

Divide a particular rock mass into groups of similar behavior.

Provide a basis for understanding the characteristics of each
group.

Facilitate the planning and the design of excavations in rock by
yielding quantitative data required for the solution of real
engineering problems.

Provide a common basis for effective communication among all
persons concerned with a tunneling project.

These aims can be fulfilled by ensuring that a classification system

has the following attributes:

I

log

10

[o9

o

Simple, easily remembered, and understandable.
Each term clear and the terminology used widely acceptable.
Only the most significant properties of rock masses included.

Based on measurable parameters that can be determined by
relevant tests quickly and cheaply in the field.

Based on a rating system that can weigh the relative importance
of the classification parameters.




£f. Functional by providing quantitative data for the design of
tunnel support.
£. General enough so that the same rock mass will possess the same

basic classification regardless whether it is being used for a
tunnel, a slope, or a foundation.
10. To date, many rock mass classification systems have been proposed,
the better known of these being the classification by Terzaghi (1946) ,2
Lauffer (1958),° Deere (1964),% Wickham, Tiedemann, and Skinner (1972),3
Bieniawski (1973),!% and Barton, Lien, and Lunde (1974).” These
classification systems will be discussed in detail while other classification:
can be found in the references.
11. The six classificat .ons named above were selected for detailed
discussion because of their speci.l features and contributions to the subject

2 the first

matter. Thus, the classical rock load classification of Terzaghi,
practical classification system introduced, has been dominant in the United
States for over 35 years and has proved very successful in tunneling with
steel supports. Lauffer's classification® based on work of Stini?® was a
considerable step forward in the art of tunneling since it introduced the
concept of the stand-up time of the active span in a tunnel that is most
relevant for determination of the type and the amount of tunnel support.
Deere's classification’® introduced the rock quality designation (RQD) index,
which is a simple and practical method of describing the quality of rock core
from borings. The concept of rock structure rating (RSR), developed in the
United States by Wickham, Tiedemann, and Skinner,>'® was the first system
assigning classification ratings for weighing the relative importance of
classification parameters. The Geomechanics Classification proposed by
Bieniawski!® and the Q-System proposed by Barton, Lien, ard Lunde!? were
developed independently (in 1973 and 1974, respectively), and both these
classifications provide quantitative data enabling the selection of modern
tunnel reinforcement measures such as rockbolts and shotcrete. The Q-Syst«m
has been developed specifically for tunnels, while the Geomechanics
Classification, although also initially developed for tunnels, has been
applied to rock slopes and foundations, ground rippability assessment, as well

as to mining problems.??




12. Some comparisons have been made between the various classification

17,18,23,27,28.29 nne detailed comparison was made by the author?® during

systems.
the construction of a railroad tunnel,3® which was 18 ft* wide and 2.4 miles
long. This tunnel was characterized by highly variah'. rock conditions --
from very poor to very good. Iu addition, a one-yecar tunnel-monitoring
program featuring 16 me..suring stations enabled correlation between the
classification ratings of rock conditions with the amount »f rock movement,
the rate of face advance, and the support used. This project thus afforded an
ideal opportunity for comparison of the various classification systems. The
resu.ts of this comparison are given in Table 1.

13. It is widely believed that the uesign of underground excavations
is, to a large extent, the design of underground support systems.?® This
means that since rock mass classifications are used as tunnel design methods,
they must be evaluated with respect to the guidelines that they provide for
the selection of tunnel support. In this connection, however, it must be
remembered that tunnel support may be regarded as the primary support
(otherwise known as the temporary support) or the permanent support (usually
concrete lining). Primary support (e.g., rockboltis, shotcrete, or steel ribs)
is invariably installed close to the tunnel face shortly after the excavation
is completed. 1Its purpose is to ensure tunnel stability until the concrete
lining is installed.

1l4. It should not be overlooked that the primary support may probably
be able to carry all the load ever acting on the tunnel. After all, modcrn
supports do not deteriorate easily and the traditional concept of the
temporary and permanent support is losing its meaning. In some European
countries, for example: Austria, Germany, Sweden, and Norway, only one kind of
support 1is understood, generally a combination of rockbolts und shotcrete, and
concrete linings are considered unnecessary if tunnel monitoring shows
stabilization of roc': movements. This is the case for highway and railroad
tunnels, while water tunnels may feature concrete linings, not for struvctural
stability reasons but to reduce surface friction and to prevent water leakage

into the rock.

* A table of factors for converting non-SI units of measurement to SI
(metric) units is presented on page 4.




15. Consequently, the use of the concept of the primary and the
permanent supports may well lead to overdesign cf tunnels since the so-called
primary support may be all that is necessary and the concrete lining only
serves as an expensive cosmetic feature acting psychologically to bolster
public confidence in the safety ¢“ the tunnel. The only justification for
placing concrete lining may be that since the current knowledge of rock tunnel
engineering is still incomplete, a radical departure from the customary
methods of design may not be advisable. However, the possibility of tunnel
overdesign should not be overlooked, and methods of minimizing this

possibility, without jeopardizing tunnel safety, should be constantly sought.

Terzaghi’s Rock Load Classification

16. Since the purpose of this report is to evaluate other than the
Terzaghi classification system and since his classification is fully treated
both in Proctor and White's book? and in EM 1110-2-2901,! it will not be
repeated here. However, for the sake of completeness and because of its
historical importance, main features of Terzaghi’s rock load classification
are given in Appendix A.

17. Terzaghi'’'s contribution lies in formulating, over 40 years ago, the
first rational method of evaluating rock loads appropriate to the design of
steel sets. This was an important development, because support by steel sets
has been the most commouly used system for containing rock tunnel deformations
during the past 50 years. It must be emphasized, however, that while this
classification is appropriate for the purpose for which it was evolved, i.e.,
for estimating rock loads for steel-arch supported tunnels, it is not so
suitable for modern tunneling methods using shotcrete and rockbolts. After
detailed studies, Cecil3? concluded that Terzaghi’s classification was too
general to permit an objective evaluation of rock quality and that it provided

no quantitative information on the properties of rock masses.

10




Lauffer's Classification

18. The 1958 classification by Lauffer® has its foundation in the
earlier work on tunnel geology by Stini,?® who is considered as the father of
the "Austrian School" of tunneling and rock mechanics. Stini emphasized the
importance of structural defects in rock masses. Lauffer proposed that the
stand-up time for any active unsupported rock span is related to the various
rock mass classes as shown in the diagram in Figure 1. An active unsupported
span is the width of the tunnel or the distance from the face to the support
if this is less than the tunnel width. The stand-up time is the period of
time that a tunnel will stand unsupported after excavation. It should be
noted that a number of factors may affect the stand-up time, as illustrated
diagrammatically in Figure 2. Lauffer's original classification is no longer
used since it has been modified a number of times by other Austrian engineers,
notably von Rabcewicz, Gosler, and Pacher.!?

19. The main significance of Lauffer’s classification is that Figure 1
shows how an increase in a tunnel span leads to a drastic reduction in the
stand-up time. This means, for example, that while a pilot tunnel having a
small span may be successfully constructed full face in fair rock conditions,
a large span opening in this same rock may prove impossible to support in
terms of the stand-up time. Only a system of smaller headings and benches or
multiple drifts can enable a large cross-section tunnel to be constructed in
such rcck conditions.

20. A disadvantage of a Lauffer-type classification is that these two
parameters, the stand-up time and the span, are difficult to establish and
rather much is demanded of practical experience. Nevertheless, this concept
introduced the stand-up time and the span as the two most relevant parameters
for the determination of the type and amount of tunnel support, and this has

influenced the development of more recent rock mass classification systems.?’

11




ACTIVE SPAN S, M

v N
° TN

AN

Tt MIN 1O0MIN 1HR 1 DAY 1 WK t MO 1 YR 10 YR 100 YR

STAND-UP TIME

Figure 1. Lauffer’s relationship between active span and
stand-up time for different classes of rock mass:
A - very good rock, G - very poor rock
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Figure 2. Factors influencing rock mass suitability during tunneling
(schematically after Lauffer?®)
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Deere’'s Rock Quality Designation

21. Deere’ proposed in 1964 a quantitative index based on a modified
core recovery procedure which incorporates only those pieces of core that are
4 in. or greater in length. This RQD has been widely used and has been found
very useful for selection of tunnel support.‘

22. For RQD determination, the International Society for Rock Mechanics
recommends a core size of at least NX diameter (2.16 in.) drilled with double-
barrel diamond drilling equipment. The following relationship between the RQD

index and the engineering quality of the rock was proposed by Deere:3

RQD, Percent Rock Quality
< 25 Very Poor
25-50 Poor
50-75 Fair
75-90 Good
90-100 Excellent

33

23. Cording, Hendron, and Deere”” attempted to relate the RQD index to
Terzaghi's rock load factor. They found a reasonable correlation for steel-
supported tunnels but not for openings supported by rockbolts, as is evident
from Figure 3. This supports the opinion that Terzaghi'’s rock leoad concept
should be limited to tunnels supported by steel sets.>*

24. Merritt® found that the RQD could be of much value in estimating
support requirements for rock tunnels as demonstrated in Figure 4. He pointed
out a limitation of the RQD index in areas where the joints contain thin clay
fillings or weathered material. The influence of clay seams and fault gouge
on tunnel stability was discussed by Brekke and Howard .3

25. Although the RQD is a quick and inexpensive index, it has
limitations by disregarding joint orientation, tightness, and gouge material.
Consequently, while it is a practical parameter for core quality estimation,
it is not sufficient on its own to provide an adequate description of a rock

mass.

13
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various sources (after Merritt3®d)




RSR Concept

26. The Rock Structure Rating (RSR) Concept, a ground-support-
prediction model, was developed in the United States in 1972 by Wickham,

3 The concept presents a quantitative method for

Tiedemann, and Skinner.
describing the quality of a rock mass and for selecting the appropriate ground
support. It was the first complete rock mass classification system proposed
since thig introduced by Terzaghi in 1946.

27. The RSR Concept was a step forward in a number of respects:
firstly, it was a quantitative classification unlike Terzaghi’'s qualitative
one; secondly, it was a rock mass classification incorporating many parameters
unlike the RQD index that is limited to core quality; thirdly, it was a
complete classification having an input and an output unlike a Lauffer-type
classification that relies on practical experience to decide on a rock mass
class, which will then give an output in terms of the stand-up time and span.

28. The main contribution of the RSR Concept was that it introduced a
rating system for rock masses. This was the sum of weighted values of the
individual parameters considered in this classification system. In other
words, the relative importance of the various classification parameters could
be assessed. This rating system was determined on the basis of case histories
as well as reviews of various books and technical papers dealing with
different aspects of ground support in tunneling.

29. The RSR Concept considered two general categories of factors
influencing rock mass behavior in tunneling: geologic parameters and
construction parameters. The geologic parameters were: (a) rock type, (b)
joint pattern (average spacing of joints), (c) joint orientations (dip and
strike), (d) type of discontinuities, (e) major faults, shears, and folds, (f)
rock material properties, and (g) weathering or alteration. Some of these
factors were treated separately; others were considered collectively. The
authors pointed out that, in some instances, it would be possible to
accurately define the above factors, but in others, only general
approximations could be made, The construction parameters were: (a) size of

tunnel, (b) direction of drive, and (c¢) method of excavation.

16




30. All the above factors were grouped by Wickham, Tiedemann, and

5

Skinner® into three basic parameters, A, B, and C (Tables 2, 3, and 4,

respectively), which in themselves were evaluations as to the relative effect
on the support requirements of various geological factors. These three

parameters were as follows:
a. Parameter A. General appraisal of rock structure is on the basis of:
(1) Rock type origin (igneous, metamorphic, sedimentary).
(2) Rock hardness (hard, medium, soft, decomposed).

(3) Geologic structure (massive, slightly faulted/folded, moderately
faulted/folded, intensely faulted/folded).

b. Parameter B. Effect of discontinuity pattern with respect to the
direction of tunnel drive is on the basis of:
(1) Joint spacing.
(2) Joint orientation (strike and dip).
(3) Direction of tunnel drive.
¢. Parameter C. Effect of groundwater inflow is based on:

(1) Overall rock mass quality due to parameters A and B combined.
(2) Joint condition (good, fair, poor).

(3) Amount of water inflow (in gallons per minute per foot of the
tunnel).

31. The RSR value of any tunnel section is obtained by summarizing the
weighted numerical values determined for each parameter. This reflects the
quality of the rock mass with respect to its need for support regardless of
the size of the tunnel. The relation between RSR values and tunnel size is
taken into consideration in the determination of respective rib ratios (RR),
as discussed below. Since a lesser amount of support was expected for
machine-bored tunnels than when excavated by drill and blast methods, it was
suggested that RSR values be adjusted for machine-bored tunnels in the manner

given in Figure 5.
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32. It should be noted that Tables 2,3 and 4 are reproduced not from
the original reference® but from a paper® published two years later, because
the RSR ratings were changed in 1974 and the latter paper represents the
latest information available.

33. 1In order to correlate RSR values with actual support installations,
a concept of the RR was introduced. The purpose was to have a common basis
for correlating RSR determinations with actual or required installations.
Since 90 percent of the case history tunnels were supported with steel ribs,
the RR measure was chosen as the theoretical support (rib size and spacing).
It was developed from Terzaghi's formula for determining roof loads in loose
sand below the water table (datum condition). Using the tables provided in

Rock Tunneling with Steel Supports,? the theoretical spacing required for the

same size rib as used in a given case study tunnel section was determined for
the datum condition. The RR value is obtained by dividing this theoretical
spacing by the actual spacing and multiplying the answer by 100. Thus,

RR = 46 would mean that the section required only 46 percent of the support
used for the datum condition. However, different size tunnels, although
having the same RR would require different weight or size of ribs for
equivalent support. The RR for an unsupported tunnel would be zero and would

be 100 for a tunnel requiring the same support as the datum condition.
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34. A total of 53 projects were evaluated, but since each tunnel was
divided into typical geological sections, a total of 190 tunnel sections were
analyzed. The RSR and RR values were determined for each section, and actual
support installations were obtained from as-built drawings. The support was

distributed as follows:

Sections with steel ribs 147 ( 89.6%)
Sections with rockbolts 14 ( 8.6%)
Sections with shotcrete -3 ( 1.6%)
Total supported 164 ( 100.0%)
Total unsupported 26

Total 190 sections

35. An empirical relationship was developed between RSR and RR values,
namely:
(RR + 80)(RSR + 30) = 8800 (Reference 6)
or

(RR + 70)(RSR + 8) = 6000 (Reference 5)

It was concluded® that rock structures with RSR values less than 19 would
require heavy support while those with ratings of 80 and over would be
unsupported.

36. Since the RR basically defined an anticipated rock load by
considering the load-carrying capacity of different sizes of steel ribs, the
RSR values were also expressed in terms of unit rock loads for various sized
tunnels as given in Table 5.

37. The RSR prediction model was developed primarily with respect to
stee® rib support.® Insufficient data were available to correlate rock
structures and rockbolt or shotcrete support. However, an appraisal of
rockbolt requirements was made by considering rock loads with respect to the
tensile strength of the bolt. The authors pointed out® that this was a very
general approach: it assumed that anchorage was adequate and that all bolts
acted in tension only; it did not allow either for interaction between

adjacent blocks or for an assumption of a compression arch formed by the

19




bolts. In addition, the rock loads were developed for steel supported
tunnels. Nevertheless, the following relation was given for 1-in.-diam

rockbolts with a working load of 24,000 1b:
Spacing (ft) = 24/W
where W is the rock load in 1,000 psf.

38. No correlation could be found between geologic prediction and

shotcrete requirements, so that the following empirical relationship was

suggested:
t=1+_" or t =_D (65 - RSR)
1.25 150
where
t = shotcrete thickness, in.

W = rock load

o
I

tunnel diameter, ft

39. Support requirement charts have been prepared that provide a means
of determining typical ground support systems based on a RSR prediction as to
the quality of rock structure through which the tunnel is to be driven.

Charts for 10-, 20-, and 24-ft-diam tunnels are shown in Figures 6, 7, and 8,
respectively. Similar charts could be used for other tunnel sizes. The three
steel rib curves reflect typical sizes used for the particular tunnel size.
The curves for rockbolts and shotcrete are dashed to emphasize that they are
based on assumptions and were not derived from case histories. The charts are
applicable to either circular or horseshoe-shaped tunnels of comparable
widths.

40. The author believes that the RSR Concept is a very useful method
for selecting steel rib support for rock tunnels. As with any empirical

approaches, one should not apply a concept beyond the range of sufficient and

reliable data used for developing the concept. For this reason, the RSR
Concept is not recommended for selection of rockbolt and shotcrete support.
However, because of its usefulness for steel rib support determination, the

author prepared an input data sheet for this classification system (see
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Appendix B). It should be noted that although the definitions of the

5

classification parameters were not explicitly stated by the proposers,” most

of the input data needed will be normally included in a standard joint survey,
however, the lack of definitions (e.g., slightly faulted or folded rock) may
lead to some confusion.

41. A practical example using the RSR Concept is as follows:

Consider a 20-ft diam tunnel to be driven in a slightly faulted
strata featuring medium hard granite. The joint spacing is 2 ft and the
joints are open. The estimated water inflow is 250 gal/min per 1000 ft of the
tunnel length. The tunnel will be driven against a dip of 45 deg and
perpendicular to the jointing.

Solution: From Table 2: For igneous rock of medium hardness
(basic rock type 2) in slightly faulted rock, parameter A = 20. From Table 3:
For moderate to blocky jointing with strike perpendicular to the tunnel axis
and with a drive against the dip of 45 deg, parameter B = 25. From Table 4:
For A + B = 45, poor joint condition and moderate water flow, parameter C =
12.

Thus: RSR = A + B + C = 57. From Figure 7, the support
requirements for a 20-ft-diam tunnel with RSR = 57 (estimated rock load
1.5 kips/sq ft) will be 6H20 steel ribs at 6-ft spacing.

1" DIAM
SHOTCRETE ROCKBOLTS
t=1+ M s =424 |
70 1.25 578" DIAM wr
ROCKBOLTS -~ - -1
S ="Z'_2. 7 // | 1
L os w,// // |,‘£
60 3/4" DIAM 7/ v |
\ ROCKBOLTS / / |
\ sl B2 /\\/ |
2 \ wr / / -
£ 50 4. 1.0 /
F o \
x “ /
™ 5
l&j L : / (,H‘i/
>
- a0 =15 4 -
8] o l
2 4 (IO
£ x o2
» 20 3 |‘L‘<’
5 30 —4 14 ko
o 127
@x ‘J:
20
|<a
- 3.0 Yo
LS Y SR N AU A s oLl SRR s _
(RIB RATIO = 100) 13‘
@
- 4.0 jamx
10 1 L ! | ul - | J
o 1 2 3 4 s 6 7 8

RIB SPACING, FT
BOLT SPACING, FT
SHOTCRETE THICKNESS, IN.

Figure 6. RSR concept - support chart for 10-ft-diam tunnel

21




' DIAM

SHOTCRETE ROCKBOLTS i
—qug W | -
70 }- o.s \/f—l"".;. s = .2_4 \1”
\ 128 Wr /// |
- 1.0 - -~ | 20 RIB
60 —| e -
Y |
2 L 15 / /: 1
F swF3_
é — 2.0 -
u 507
13 wWF4s
3 3.0 B
6 [
40 — O
2 r_ 4.0 1§z
- | mg
0 — 5.0 l'ea
¥ I Fv
O 30 —1-s6.0 Sk
(o] _l ‘J_l_ —_
& L~ 7.0 | J40Q
N <@
1 Sa
—_ ~2Z
20 lu<
lg@
/ / | Q.
10 AW ] ) 1 1 1 ! J
0 1 2 3 4 s 6 7 8
R B SPACING, FT
BOLT SPACING, FT
SHOTCRETE THICKNESS, ' .
Figure 7. RSR concept - support chart for 20-ft-diam tunnel
1" DIAM
SHOTCRETE ROCKBOLTS |
- 0.5 \/e:r'w-"_'. Y] \_/JI _
70 —| \ 1.25 w./,’ /*,/
\ 1-174' DIAM -~ ~77 | s Re
|r~ 1.0 \ ROCKBOLTS x // -
60 7
F 1.5
Nv- F40
o - 2.0 5 B
z
r S0 o 49
: g =T
w 30 J
« ¥ 'Y
£ a0 8 ]
Q @ “E
2 [~ 4.0 FV
x x
= 35
c ot 33
8 20 480 g:
« - 6.0 %
sa
J— 7.0 Q@
20 44-— I~ e e
10 ]
0 L]
RIB SPACING, FT
BOLT SPACING, FT
SHOTCRETE THICKNESS, IN.
Figure 8. RSR concept - support charts for 24-ft-diam tunnel

22




The Geomechanics Classifiration (RMR System)

42. The Geomechanics Classification or the Rock Mass Rating (RMR)
System was developed by Bieniawski!® in 1973. This engineering classification
of rock masses, especially evolved for rock engineering applications, utilizes
the following six parameters, all of which not only are measurable in the

field but can also be obtained from borings:

a. Uniaxial compressive strength of intact rock material.
b. Rock quality designacion (RQD).

¢. Spacing of discontinuities.

d. Orientation of discontinuities.

e. Condition of discontinuities.

f. Groundwater conditions.

43. The Geomechanics Classification is presented in Table 6. 1In
Section A of Table 6, five parameters are grouped into five range. of
values. Since the various parameters are not equally important for the
overall classification of a rock mass, importance ratings are allocated to the
different value ranges of the parameters, a higher rating indicacing better
rock mass conditions. These ratings were determined from 49 case histories
investigated by the author® while the in’tial ratings were based on the
stud®=s by Wickham, Tiedemann, and Skinner.’

44. To apply the Geomechanics Classification, the rock mass along the
tunnel route is divided into a number of structural regions, i.e., zones in
which certain geological features are more or less uniform within each region.
The above six classification parameters are determined for each structural
region from measurements in the field and entered onto the standard input data
sheet, as shown in Appendix B.

45. Next, the importance ratings are assigned to each parameter
according to Table 6, Section A. In this respect, the typical rather than the
worst conditions are evaluat«d since this classification, being based on case
histories, has a built-in safety factor. Furthermore, it should be noted that

the importance ratings given for discontinuity spacings apply to rock masses
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